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I.  INTRODUCTION 


The  traveling  charge  concapt  or  " impulse  gun"  originally  proposed  by 
Langweller1  la  considered  by  balllstlciana  to  offer  the  prospect  of  obtaining 
mussle  velocities  on  the  order  of  2  to  3  ka/a  without  the  large (~4) 2  charge  to 
nass  ratio  and  high  breech  presaures( 700 -1000  MPa)3  required  of  conventional 
gun  systems .  The  advantages  of  such  velocities  have  been  discussed  by  various 
authors1*3  and  can  be  suamarlsed  as  improved  delivery  range,  increased  target 
penetration  due  to  higher  kinetic  energy  of  the  projectile,  and  enhanced  hit 
probability  resulting  from  the  decreased  time* of -flight. 

It  la  not  within  the  scope  of  this  report  to  present  a  theoretical 
analysis  of  the  traveling  charge  concept  or  review  previous  experimental 
results.  The  interested  reader  la  referred  to  the  works  of  Langweller,1  Lee 
and  Lsldler*  Vinti,  Gough ,  '  Baer,  May  at  al.,3  and  Brland  at  al.2  for  a 

discussion  of  the  theoretical  analysis  and  development  of  computer  models  for 
the  traveling  charge  concept.  Findings  of  previous  experimental  efforts  can 
be  found  in  reports  by  O'Donnell  at  al.,  Baer,  Barbarek  and  Jealia, 

Baldlnl  and  Audette,  and  May  at  al.3  An  Idealised  description  of  the 
traveling  charge  effect  has  been  presented  in  an  earlier  work  by  Smith13  and 
is  shown  in  Figure  1.  The  ignition  process  is  in  two  stages.  A  conventional 
"booster"  charge  is  used  to  rapidly  pressurise  the  chaaber  and  accelerate  both 
the  projectile  and  a  propellant  charge (traveling  charge)  attached  to  the  base 
of  the  projectile.  At  some  point  past  the  peak  pressure  due  to  the  "booster" 
charge,  the  traveling  charge  is  ignited.  It  bums  in  such  a  manner  as  to 
generate  and  eject  combustion  products  at  sufficient  velocity  to  maintain 
constant  thrust/prassure  on  the  projectile  baae  and  to  increase  projectile 
velocity.  At  very  high  velocities,  the  traveling  charge  la  expected  to  be 
more  efficient  than  conventional  propelling  charges.  An  example  of  this  la 
Included  in  Table  A-2. 
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In  summary,  the  trmlln|  ohirji  effect  la  oharactarlaad  by: 

a)  Tha  attachment  to  tha  projactlla  of  a  vary  high  burning  rata(VHBR) 
propallant  which  travala  with  tha  projactlla  down  tha  tuba. 

b)  Davlation  froa  tha  "normal"  praaaura  gradient  which  would  ba  obtained 
if  all  tha  propallant,  "boocter"  and  traveling  charge,  vara  placed  In  tha 
chamber.  The  deviation  ehould  show  lower  chamber  prasauraa  and  Increased 
downbora  pressures. 

c)  An  increase  in  auxzle  velocity  over  tha  corresponding  conventional 
firing. 


At  the  present  time,  we  are  undertaking  an  experimental  effort  to 
demonstrate  the  traveling  charge  effect  as  a  practical  and  useful  gun 
propulsion  systea.  An  important  component  of  this  effort  la  the  use  of  a 
sophisticated  computer  code,  XNGVAKTC  (XKTC) ,  which  can  model  both  traveling 
charge  and  conventional  gun  firings.  As  stated  by  Hay  et  al.,  a  flexible 
computer  model 

"is  necessary  as  a  learning  tool  to  help  explore 
the  consequences  of  the  physics  that  has  been  Incorporated, 
and  to  guide  the  experimental  program." 

The  purpose  of  this  report  la  to  auamarise  the  results  of  the  Initial 
modeling  computations  which  were  part  of  the  above  effort.  These  computations 
include  investlgatlone  in  the  following  areas: 

Applicability  of  the  XKTC  computer  code  to  a  small  caliber  (14-em)  Mann 
Barrel,  a  regime  In  which  the  code  had  not  previously  been  exercised.  In  this 
setting  the  predictive  nature  of  XKTC  for  both  conventional  and  traveling 
charge  firings  is  examined  relative  to  experimental  results. 

Sensitivity  of  the  traveling  charge  effect  to  the  Ignition  time  of  the 
traveling  charge  propellant.  This  parametric  study  Incorporated  two  distinct 
burning  rate  laws  for  the  traveling  charge  due  to  the  uncertainty  of  the 
burning  behavior  of  the  VHBR  propellant. 

Sensitivity  of  the  traveling  charge  effect  tc  the  burning  rate  al  the 
traveling  charge  propellant. 


II.  XKTC  COMPUTER  CODE 


The  computor  code  selected  to  modal  the  interior  ballistic  event  was  the 
XNOVAKTC  (XKTC)  code  developed  by  Paul  Cough  Associates.  This  code  is  a 
combination  of  a  newer  version  of  the  NOVA74  code  together  with  the  BPJA'C6 
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cod*.  S*l*ctlon  of  XKTC  was  b*s*d  upon  **v*r*l  factor*.  First,  tha  cod*  ha* 
tha  capability  to  nodal  conventional,  traveling  charge,  and  a  combination  of 
"booster"  and  traveling  charge  gun  firing*.  Second,  tha  coda  include*  kinetic 
options  vhich  allow  flexibility  in  investigating  tha  traveling  charge  effect. 
The  details  of  the  kinetic  options  pertaining  to  the  traveling  charge  were 
presented  by  P.  Gough  in  a  separate  paper.  3  The  final  factor  in  selecting 
XKTC  waj;  its  demonstrated  accuracy  in  predicting  gun  performance,  in  terms  of 
pressure  profiles,  pressure  oscillations,  and  velocity,  at  least  for  large 
caliber  conventional  gun  firings.  This  accuracy  is  Illustrated  for  a  120 -nm 
tank  gun  in  a  paper  by  F>bblns  at  el.  Figure  2  shows  the  measured  pressures 
at  various  positions  along  the  gun  tub*  and  pressure  difference  measured 
between  the  ends  of  the  chamber  for  a  120 -am  caseless  round.  Figure  3 
presents  the  pressures  and  pressure  difference  calculated  by  XKTC  for  the 
caseless  round.  A  comparison  of  the  pressure  and  pressure  difference  curves 
for  the  measured  and  calculated  results  shows  excellent  agreement.  The 
difference  in  breech  pressures  is  approximately  4  MPa  while  at  the  muxsle  the 
difference  is  about  7  MPa.  Also,  the  curves  for  the  pressure  differences, 
which  measure  the  pressure  oscillations  in  the  chamber,  have  the  same  general 
characteristics . 
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Figure  3. 


190-m  Gun 


Although  XKTC  showed  excellent  agreement  for  large  caliber  gun  systems, 
its  predictive  ability  for  small  caliber  systems  was  unknown.  Therefore,  code 
validation  was  extended  to  small  caliber  applications  and  used  as  a  tool  to 
evaluate  ballistic  improvements  due  to  the  traveling  charge  effect. 


I.  I.  EXPERIMENTAL  FIXTURE  AMD  GUN  FIRINGS 

A  schematic  *>f  the  test  gun  fixture  together  with  the  location  of 
pressure  gages  is  shown  in  Figure  4.  The  fixture  has  a  chamber  volume  of  100 
cm3,  a  bore  diameter  of  14-ram,  a  tube  length  of  2900-mm  and  an  expansion  ratio 
of  5.3.  A  schematic  of  the  traveling  charge  projectile  to  scale  is  presented 
in  Figure  5. 


Figure  4.  sctiggflUc  of  tho  SaaEimnsml  Sm  Fixture 
XdlmntiangJlii  cm) 


i 

|  Figure  5.  Traveling  Charge  Projectile 
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At  the  tins  of  this  import  12  firing!  with  6  different  configuration*  of 
"booster"  and  traveling  charge  propellant  have  been  performed.  Detail*  on 
the**  firings  can  be  found  in  a  separate  paper.  7  For  this  study,  two  of 
these  firings  were  selected  for  deteiled  analysis.  The  configurations  for 
these  firings  are  shown  in  Table  1. 


TABLE  1.  Configuration  of  Firings  Used  in  Study 
Round  #  Booster  (g)  T.C.  (g)  Projectile  (g) 
6  34  --  24.59 

12  34  8.53  22.0 


For  round  6,  the  cavity  of  tit*  traveling  charge  projectile  was  filled 
with  a  nylon  Insert.  The  "booster"  charge  for  both  rounds  was  a  non- deterred 
ball  propellant  manufactured  by  the  01  in  Corporation.  The  traveling  charge 
propellant  used  in  round  12  was  a  combination  of  RDX  and  a  boron  hydride  salt 
with  a  KRATON  binder  pressed  to  100%  theoretical  maximum  density.  Results  are 
tabulated  in  Table  2.  Pressures  are  given  In  KPa  and  velocity  in  m/a. 


TABLE  2.  Experimental  Results  Of  Rounds  6  and  12 


Rd  # 

Gage  1 
Pmax 

Gage  2 
Pmax 

0*g*  3 
Pmax 

Gag*  5 
Pmax 

Gag*  7 
Pmax 

Velocity 

MPa 

MPa 

MPa 

MPa 

KPa 

■/» 

6 

339 

325 

281 

71 

29 

1567 

12 

555 

458 

590 

98 

44 

1770 

Pressure  vs.  time  curves  for  the  two  rounds  at  the  Indicated  gages  are 
given  in  Figures  6  and  7. 
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IV.  COMPARISONS  BETWEEN  XKTC  AND  EXPERIMENTAL  MEASUREMENTS 


Although  the  XKTC  code  has  never  been  fully  exercised  for  small  caliber 
guns,  because  of  its  agreement  with  experimental  results  from  large  caliber 
firings,  it  was  expected  that  the  code  would  also  be  in  good  agreement  with 
small  caliber  firings.  8  Thus,  the  only  parameters  adjusted  in  the  code  in 
attempting  to  match  experimental  results  were  bore  resistance  and  shot  start 
pressure . 


Thermochemical  information  for  the  "booster"  propellant  vas  obtained 
through  the  use  of  the  BLAKE19  code.  Burning  rates  for  the  "booster"  were 
obtained  from  closed  bomb  firings  and  subsequent  data  reduction  using 
CBRED2.  ®  For  the  purposes  of  simplification,  the  thermochemical  properties 
of  the  traveling  charge  propellant  were  assumed  to  be  identical  to  those  of 
the  "booster".  However,  the  burning  rate  for  the  traveling  charge  was 
adjusted  to  produce  burning  times  similar  to  those  obtained  in  the  closed  bomb 
diagnostic  work.17 


Discussion  of  Round  6:  To  simulate  round  6,  the  XKTC  code  was  run  in  a 
conventional  gun  firing  mode.  Table  3  shows  the  final  computed  results  after 
a  series  of  parametric  runs  involving  varying  the  shot  start  pressure  and  bore 
resistance  profile.  The  final  values  selected  were  a  shot  start  of  6  MPa  and  a 
bore  resistance  of  19  MPa  from  51  cm  of  travel  to  muzzle  exit.  Although  the 
bore  resistance  profile  is  unusual  in  that  the  resistance  increases  after  a 
certain  amount  of  travel  it  was  felt  that  this  situation  was  not  physically 
impossible.  This  belief  was  based  upon  the  design  of  the  projectile  which  had 
a  very  thin  walled  sleeve.  It  was  felt  that  the  pressure  exerted  on  the 
sleeve  was  sufficient  to  distend  the  sleeve  resulting  in  the  higher  resistance 
used  in  the  computer  model.  Also  presented  in  the  table  is  a  comparison  with 
experimental  results. 

Computed  pressure  vs.  time  profiles  from  XKTC  for  round  6  are  presented 
in  Figure  8.  A  comparison  with  the  experimental  pressure  profiles.  Figure  6, 
shows  the  excellent  agreement  for  breech  pressures  as  indicated  in  Table  2. 
Differences  in  the  downbore  pressures  are  also  clearly  evident.  Fortunately, 
the  timing  of  the  events  (uncovering  of  gage  locations,  etc.)  are  in  close 
agreement,  which  agrees  with  the  close  match  on  the  velocities. 
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TAILS  3.  Comparison  of  Pradictad  XKTC  Rasults  and 
Ixpariaantal  Rasults  for  Round  6  -- 
Convantlonal  Firing 

Gaga  1  Gaga  2  Gaga  3  Gaga  5  Gaga  7  Velocity 
fmn  Pmx  Paax  Paax  Paax  Intarfaroawtar 
MPa  MPa  MPa  MPa  MPa  a/s 

XKTC  Round  6: 

341  338  273  65  28  1571 

Kapariaant*!  Round  6: 

339  325  281  71  29  1367 

Dif faranca : 

2  13  -6  -6  >1  4 


Parcant  Dif faranca: 


For  both  the  120 -mm  conventional  caaeless  firing  presented  earlier  and 
this  snail  caliber  (14-an)  conventional  firing,  XKTC  appears  to  accurately 
predict  breech  pressure,  timing,  and  velocity.  On  the  other  hanjfi,  a 
difference  between  measured  and  computed  dovnbore  pressures  is  present  in  both 
comparisons.  Whether  these  differences  are  due  to  incorrect  resistance 
profiles  or  other  causes  needs  to  be  investigated  in  more  depth. 


Discussion  of  Round  12:  The  traveling  charge  option  of  the  XKTC  code  was  used 
to  simulate  round  12.  Given  the  success  in  matching  experimental  rt suits  for 
round  6,  all  input  variables,  except  those  pertaining  to  the  traveling  charge 
and  "booster"  charge  weight,  were  kept  the  same.  A  burning  rate  law  (r-bPn, 
where  b-0.065  and  n-1.05)  was  used  to  describe  the  traveling  charge  burning. 
Further,  the  ignition  of  the  the  traveling  charge  was  delayed  1.15  ms  after 
the  ignition  of  the  "booster"  charge.  The  time  delay  for  the  traveling  charge 
was  estimated  from  the  pressure  vs.  time  curves  from  the  experimental  results. 
Table  4  summarizes  the  computed  results  and  comparisons  with  the  experimental 
data. 


TABLE  4.  Comparison  of  Predicted  XKTC  Results  and 
Experimental  Results  for  Round  12  - - 
Traveling  Charge  Firing 


Gage  1  Gage  2  Gage  3  Gage  5  Gage  7  Velocity 


Pmax 

MPa 


Pmax 

MPa 


Pmax 

MPa 


XKTC  Found  12: 

554  472  620 

Experimental  Round  12: 

555  458  590 

Difference : 

-1  14  30 

Percent  Difference: 
-.2%  3*  5% 


Pmax 

MPa 


89 


98 


-9 


-9% 


Pmax 

MPa 


39 


44 


-5 


Breakscreen 

m/s 


1782 


1770 


12 


-11* 


.7% 


The  pressure  vs.  time  curves,  for  round  12,  computed  by  XKTC  are  shown  in 
Figure  9.  «s  in  the  two  previous  comparisons,  XKTC  results  #re  in  close 
agreement  with  experimental  results  for  breech  pressure,  timing,  and  velocity. 
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But  one*  t|aUi  substantial  differences  tr«  observed  In  the  dovribore  pressures 
especially  (*r  |ngi  5.  Fortunately,  the  pressure  vs.  tine  curves  computed  by 
XKTC  eriiUlt  the  sees  behavior  sa  the  experimental  pressure  vs.  tine  curves 
for  gages  net  located  at  the  breech.  An  example  of  this  close  agreement  is 
shown  for  gage  9,  (tube  origin)  in  Figures  10  and  11. 


Figure  9.  Comitst!  lemurs  Ygfc  Tit  Profllsi  Froi  BSXG.  Ear 
Round  12  --  Travel Ins  Charse  Firing 


Figure  10.  Experimental  Pressure  Vs.  Time  Curve.  Round  12 
fiigt  3  (Tubs.  QrUliu  -.-..IrtYillng  flam  Citing 


L2 


Figure  11. 


V.  IGNITION  TINE  STUDY 

In  concept ,  It  la  pnssiblo  to  place  the  entire  charge  at  the  projectile 
base  without  using  any  propellant  In  the  chaaber .  However,  from  previous 
computations8  It  appears  that  there  Is  little  gain  In  efficiency  In  using  a 
traveling  charge  for  the  early  portion  of  the  ballistic  cycle.  On  a  more 
practical  side,  the  early  portion  of  the  ballistic  travel  can  be -greatly 
affected  by  combustion  variability  and  at  this  time  there  Is  some  uncertainty 
concerning  the  predictability  of  the  burn  rate  of  the  VHBR  formulations. 
Additionally,  the  pressure  drop  at  the  projectile  base  Is  relatively  small 
when  the  projectile  velocity  Is  low.  Hence,  for  these  reasons  It  was  decided 
to  use  a  conventional  "booster"  propellant  for  the  initial  travel  and  have  the 
traveling  charge  Ignite  after  the  projectile  has  moved  down  tube..  An 
important  question  to  address  is:  "Where  is  the  most  advantageous  position  In 
the  ballistic  cycle  to  Ignite  the  traveling  charge?" 

The  purpose  of  Investigating  the  ignition  time  of  the  traveling  charge 
was  to  determine  Its  effect  on  muscle  velocity  and  maximum  pressure  within 
the  gun. 

For  the  study,  a  traveling  charge  configuration  similar  to  that  of  round 
12  was  used;  that  is,  34  grams  of  "booster"  propellant  with  8  grams  of 
traveling  charge.  Due  to  the  uncertainty  of  the  actual  burning  behavior  of 
VHBR  propellants,  two  different  burning  rate  laws  were  utilised.  first,  was 
the  pressure  dependent  law  used  in  simulating  round  12,  r  -  0.065P1’  The 
second  was  a  constant  burning  rate  of  71  meters/secor.d,  a  rate  which  would 
ensure  the  bum  out  of  the  traveling  charge  prior  to  muscle  exit.  In 


addition,  no  bora  raalatanea  vu  Incorporated  into  tha  nodal ,  It  should  alao 
ba  notad  that  no  attoapt  was  made  to  optimise  tha  system  with  raapact  to 
performance  dua  to  the  "booster"  charge. 


Aa  a  point  of  comparison,  an  all  "booster*  oaaa  with  42  grama  of 
propellant  vaa  aalactad.  Raaulta  of  thla  all  "booster"  eaaa  shoved  a  maximum 
gun  praaaura  of  496  MPa  and  a  aussla  velocity  of  1697  m/s. 

Tha  Ignition  tine  of  tha  traveling  charge  with  raapact  to  tha  "booster" 
ignition  tine  vaa  made  a  parameter  in  tha  calculations .  Tha  actual  times  used 
in  tha  study  vara  baaed  upon  tha  assumption  that  tha  traveling  charge  would 
ignite  no  later  than  tha  tine  necessary  to  obtain  25%  of  travel.  Proa  the 
all  "booster*  case  the  tine  to  25%  of  travel  vaa  1.75  aa  and  the  tine  of 
maximum  praaaura  vaa  1.15  aa.  Figure  12  summarises  the  times  aelected  for  the 
study. 


Time (ns)  0  .475  .95  1.15  1.35  1.55  1.75 

| - 1 - 1 - 1 - } - 1 - 1 

Paax 


Figure  12.  Isnitlon  Times  Chosen  for  tha  Traveling 
Charaa  in  tha  Ignition  Time  Study 


The  effect  of  changing  the  ignition  time  of  the  traveling  charge  vaa 
evaluated  in  the  follovlng  manner.  Pressure  vs.  time  curves  for  the  all 
"booster*  run  vere  compared  with  those  from  tha  traveling  charge  caaea  for  the 
different  traveling  charge  propellant  ignition  times.  Differences  in  maximum 
pressure  and  corresponding  percent  differences,  vlth  raapact  to  the  all 
"booster*  case,  vere  determined.  Similar  comparisons  vere  performed  for 
differences  in  velocity.  An  example  of  thla  computation  la  shorn  in  Figure  13 
for  the  42  gram  all  "booster*  comparison  case  versus  a  traveling  charge 
simulation  vlth  an  ignitions  delay  of  1.75  ns .  The  difference  betveen 
maximum  pressures  is  147  MPa,  vhlch  represents  a  percent  decrease  of  30%  vlth 
respect  to  the  comparison  case.  These  percent  changes  in  maximum  pressure  and 
velocity,  as  a  function  of  traveling  charge  ignition  time,  are  presented 
|  graphically  in  Figures  14  and  15. 
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Flgur*  13.  CoMPutatlon  of  Porcont  mttttlMi  In  Mml«i  KtUtfl 
Jtefimin  »2  «  All  ■Booit.r’  ConoarUan  Cm  and  * 

T«  .olln«  fllBi  Firing  Usod  In  th»  lmltlon  111  StUi 


O  PMSSURf  OCPINOCNT  ♦  CONST  AMT  SUM*  SAT* 


MNmON  1M  OF  TRAVtUNO  Burnt 

Q  PRtttUKC  DCPCNDCMT  ♦  CONSTANT  BURN  RATt 


Figure  IS.  Percent  Chengs  in  Mujm  Pressure  Vs . 

Travellns  Charge  Ignition  Ties 

As  esn  bs  sssn  fro*  Figure  14,  XKTC  predicts  a  velocity  Increase  for  e 
configuration  of  34  greets  of  "booster"  and  8  grans  of  traveling  charge 
propellant  over  the  all  "booster"  case  regardless  of  th»  Ignition  tine  of  the 
traveling  charge  propellant.  The  only  exception  was  the  slnulatlon  using  a 
constant  bum  rate  law  with  Ignition  at  1.15  ns  which  resulted  In  the  sane 
velocity.  It  appears  that  the  critical  factor  for  the  Increased  velocities  Is 
the  deviation  of  the  Ignition  tine  fron  1.15  ns,  which  Is  the  tine  of  Pnax  for 
the  all  "booster"  case.  For  the  pressure  dependent  bum  rate  law  the  naxinura 
percent  increase  In  velocity  of  7.3%  occurred  at  an  Ignition  tine  of  0.475 
ns,  a  deviation  of  0.675  ns  from  1.15  ns.  Using  the  constant  bum  rate  law, 
the  naxlnun  percent  Increase,  6.3%,  In  velocity  occurred  for  an  Ignition  tine 
of  1.75  ns,  a  deviation  of  0.6  ns  fron  1.15  as.  This  sane  percent  Increase, 
6.3%,  was  also  coaputed  for  the  pressure  dependent  bum  rate  law  with  ignition 
at  1.75  as.  Of  interest  Is  the  lower  percont  Increase  In  velocity  recorded 
for  an  ignition  tine  of  0  ns  than  for  an  Ignition  tine  of  0.475  ns  with  the 
pressure  dependent  bum  rate  law.  The  causa  of  this  drop  needs  to  be 
investigated  In  greater  detail. 

Although  velocity  Increases  are  predicted  by  XKTC  for  ignition  tines  both 
before  and  after  1.15  ns,  the  sane  thing  is  not  true  for  inproveaents  In  the 
pressure  profile  as  far  as  naxlnun  gun  pressure  is  concerned.  As  shown  in 
Figure  15,  a  tine  of  ignition  before  or  at  1.15  as  shows  an  increase  in 
predicted  naxlnun  pressure  for  the  pressure  dependent  bum  rate  law.  Using 
a  constant  bum  rate  law  no  increase  in  pressure  Is  obtained  for  the  sane 
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Ignition  tlMt.  However ,  both  burn  rate  lava  exhibit  a  30%  aaxinua  preeaura 
daeraaaa  if  t'ia  ignition  tine  ia  1.35  aa  or  later.  In  all  Instances,  the 
staxlauu  prerjure  la  obaarved  at  tha  braach. 

Thua,  for  tha  Ignition  tines  aalactad  and  tha  apaclflc  gun/propulsion 
c>aa  uuad  in  thla  atudy,  XKTC  predicts  that  tha  aaxinua  improvement  to  the 
traveling  charge  affect  will  occur  for  an  ignition  tine  of  1.75  aa  for  tha 
traveling  charge  propellant.  It  ia  important  to  anphaalce  that  thla 
conclusion  is  applicable  only  to  thla  apaclflc  case.  Any  change  in  tha 
gun/propuls ion  configuration,  such  aa  changing  tha  ratio  of  "boostor*  to 
traveling  charge  propellant,  nay  lead  to  a  different  predictions. 

Two  additional  observations  noted  while  analysing  tha  results  of  aa 
ignition  tine  study  are  worth  aent toning.  First  la  tha  apparent  insensitivity 
of  tha  results  to  tha  bum  rata  law  used  to  describe  tha  burning  of  tha 
traveling  charge  propellant.  This  facet  needs  to  be  Investigated  in  greater 
depth,  especially  since  coabustion  diagnostics  on  the  VHBR  propellents  have 
indicated  that  their  burning  behavior  aay  not  be  pressure  dependent  in  the 
noraal  sense.  7  The  second  observation  concerned  dovnbore  pressures.  In 
APPENDIX  A,  Tables  A- 1  and  A* 2  show  the  aaxinua  pressure  predicted  by  XKTC  for 
the  various  gages,  ignition  tines,  and  bum  rate  laws  used  in  the  study.  It 
was  observed  that  for  gage  7,  located  20*cn  before  nuxsle  exit,  the  pressures 
for  the  traveling  charge  cases  were  lower  than  Che  all  "booster"  case  with  one 
exception.  Additionally,  the  aaxinua  pressure  observed  at  gage  7  in  all  cases 
corresponds  to  the  base  pressure  on  the  projectile.  However,  auxsle 
velocities,  which  are  reflective  of  base  pressure,  are  higher  for  the 
traveling  charge  cases.  An  answer  to  this  apparent  contradiction  aay  lie  in 
the  effect  that  the  bum  out  of  the  traveling  charge  has  on  the  base 
pressure.  In  Figure  16,  XKTC  computed  base  pressure  versus  travel  profiles 
are  plotted  for  the  all  "booster"  case  and  two  traveling  charge  cases.  The 
rapid  drop  in  the  base  pressure  curves  for  both  traveling  charge  cases  occurs 
ac  the  point  in  the  travel  where  the  traveling  charge  burned  out.  This  rapid 
drop  in  both  cases  resulted  in  the  base  pressure  being  lower  than  the  base 
pressure  for  the  all  "booster"  case.  Thus,  it  appears  that  the  bum  out  of 
the  traveling  charge  nay  have  a  substantial  effect  on  base  pressure.  If  this 
effect  is  present  in  actual  gun  firings,  then  tailoring  the  bum  out  of  the 
traveling  charge  aay  be  as  critical  to  final  performance  as  the  ignition  tine 
of  the  traveling  charge. 
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In  cho  Ignition  tin*  study  two  diffsrsnt  bum  rats  laws  wars  utilised  to 
describe  the  burning  behavior  of  the  traveling  charge  propellant,  a)  r  -  71 
m/s,  a  constant  bum  rate  and  b)  r  -  0.065P1*”  ,  a  pressure  dependent 
exponential  law.  Comparison  of  results  showed  sosm  differences,  especially  in 
pressure  behavior,  between  predictions  Involving  the  two  laws.  Thus,  it 
became  of  Interest  to  examine  In  greater  detail  the  influence  of  the  burning 
behavior  of  the  trevellng  charge  on  predicted  ballistic  results.  For  this 
study  the  focus  was  on  the  effect  of  using  different  burning  rates. 

Specifically,  the  purpose  of  this  study  was  to  investigate  the  effect 
that  different  burning  rates  of  the  traveling  charge  have  on  ballistic 
performance.  Again  the  parameters  of  major  Interest  are  velocity  and  maximum 
gun  pressure. 

As  in  the  ignition  time  study,  a  traveling  charge  configuration  of  34 
grams  of  "booster”  and  8  grams  of  traveling  charge  was  selected.  Based  upon 
the  result  of  the  ignition  time  study,  the  Ignition  time  of  the  traveling 
charge  was  chosen  to  be  1.75  ms.  A  bpn  bum  rate  law,  with  b-.065  and  n-1.05, 
was  used  in  the  the  study;  and  the  variation  in  the  bum  rates  was  obtained 
by  varying  the  value  of  the  coefficient  by  +/-30,  +/*20,+/-15,  +/-10,  and  +/* 
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Fljur«i  17  «nd  18  present  the  affects  of  variations  in  burning  rata,  as 
pradictsd  by  XKTC,  on  tha  aaxlaua  prassura  recorded  in  the  gun  and  nuzzle 
velocity  in  tarns  of  peremt  changes. 


Figure  17 .  Effect  of  Varying  the  Burning  Rata  of  tha  Traveling 
Charge  on  Maxinum  Gun  Pressure 


Tha  nost  striking  feature  of  Figure  17  is  tha  vary  larga  changa  in 
naxlnun  gun  prassura,  up  to  140%,  which  is  pradictad  by  XKTC  for  Increases  in 
tha  burning  rata  of  tha  traveling  charge  beyond  a  10%  increase.  If  this 
result  is  valid  for  actual  gun  firings,  than  controlling  tha  burning  rata  of 
tha  VHBR  propellant  nay  be  of  critical  inportance  for  iaproved  ballistic 
behavior.  In  fact,  it  nay  be  that  there  is  a  narrow  range  for  tha  burning 
rata  of  the  VHBR  for  which  tha  traveling  charge  affect  can  be  affective.  Too 
low  a  burning  rata  producing  no  appreciable  gain  and  too  high  a  rata  resulting 
in  unacceptable  pressures.  It  is  worth  noting  that  the  elevated  pressures  for 
the  Increased  burning  rates  in  Figure  17  occurred  at  the  projectile/traveling 
charge  base  not  the  breech. 
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Figure  18 .  Effect  of  Varying  the  Burning  Rate  of  the  Traveling 
Charge  on  Muzzle  Velocity 


Although  increased  maximum  gun  pressures  are  predicted  by  XKTC  for 
increased  burning  rates  of  the  traveling  charge,  this  is  not  translated  into 
appreciable  Increases  in  velocity  as  seen  in  Figure  18.  I  or  changes  in  the 
burning  rate  up  to  +/~  20%  the  velocity  changes  by  less  than  +/-  0.5%. 
However,  the  large  drop  from  >0.25%  to  -1.9%  in  going  froa  20%  to  30% 
decrease  in  burning  rate  aay  indicate  that  there  will  be  a  significant 
decrease  in  performance  if  the  burning  rate  of  the  traveling  charge  is  too 
low. 


As  with  the  ignition  tine  study,  the  conclusions  reached  are  based  on 
predicted  results  for  a  specific  gun/propulsion  configuration.  Any  change, 
such  as  altering  the  ignition  time  of  the  traveling  charge,  could  lead  to 
different  results . 


VII.  COMPARISON  WITH  OPTIMIZED  ALL  "BOOSTER"  CASES 

Based  upon  the  results  of  the  Ignition  Time  Study  and  Burn  Rate  Study  it 
appears  that  for  a  configuration  of  34  g  of  "booster"  and  8  g  of  traveling 
charge  that  the  optimum  velocity  is  approximately  2020  m/s  if  maximum  gun 
pressure  is  restricted  to  the  maximum  pressure  due  to  the  "booster".  For  34 
grams  of  "booster"  in  the  test  fixture  being  utilized  this  corresponds  to  a 
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pressure  of  349  MPa.  The  obvious  question  is:  "What  performance  could  be 
expected  if  the  gun  syntem  was  optimized  for  a  conventional  propellant 
configuration  with  the  maximum  pressure  restricted  to  350  MPa?"  To  answer 
this  question  optimization  studies  were  performed  utilizing  the  XKTC  computer 
code.  The  results  are  summarized  below. 


TABLE  5.  Results  of  Optimized  Conventional  Firings 


OPTIMIZATION 

Maximum  Pressure  <  350  MPa 
Propellant  Weight  Velocity 
Non- deterred  Ball  50  g  1780  m/s 

Seven  Perforations  60  g  1900  m/s 

20%  Traveling  Charge  42  g  2020  m/s 

As  can  be  seen  from  the  above  the  traveling  charge  configuration  performs 

better,  in  terms  of  increased  velocity,  than  an  optimized  conventional 
propellant  charge  by  approximately  120  m/s.  This  corresponds  to  a  6%  velocity 
increase . 


VIII.  CONCLUSIONS  AND  FUTURE  WORK 

The  conclusions  of  this  initial  modeling  effort  in  support  of  a  U.S.  Army 
undertaking  to  demonstrate  the  viability  of  the  traveling  charge  effect  can  be 
summarized  as  follows: 

The  XNOVAKTC  computer  code  is  applicable  to  small  caliber  gun  firings. 
This  includes  conventional  and  traveling  charge  configurations.  Predictions 
in  regards  to  breech  pressure,  velocity,  and  timing  are  excellent.  However, 
downbore  pressure  results  show  larger  than  expected  deviations. 

The  following  conclusions  are  based  upon  a  specific  gun/propulsion  system 
and  may  not  be  the  same  for  different  systems. 

The  Ignition  time  study  indicates  that  the  greatest  improvement  in  the 
traveling  charge  effect  will  occur  if  the  ignition  of  the  traveling  charge  is 
delayed  past  the  time  of  maximum  pressure  due  to  the  "booster"  charge. 

The  ignition  time  study  indicates  that  the  traveling  charge  effect  may  be 
insensitive  to  the  burning  behavior,  in  terms  of  the  burning  rate  law 
utilized,  of  the  traveling  charge  as  long  as  the  total  burning  time  for  the 
traveling  charge  is  within  a  given  range. 


The  burning  rat*  study  indicatas  that  relatively  large  changes  in  burn 
rate  (+/*30l)  do  not  appreciably  change  muzzle  velocity  but  can  lead  to  large 
changes  in  maximum  pressures. 

Burn  out  of  the  traveling  charge  results  in  a  large  drop  in  base 
pressure.  See  Figure  16. 


Areas  in  which  further  computations  are  felt  to  be  needed  Include: 

Investigation  into  the  source  of  the  discrepancy  between  downbore 
pressures  predicted  by  XNOVAKTC  and  those  observed  In  actual  gun  firings. 

Generalization  of  the  effects  of  traveling  charge  ignition  time  and 
burning  behavior  on  ballistic  performance  based  upon  various  gun/propulsion 
systems . 

Investigation  of  the  effect  the  burnout  location  of  the  traveling  charge 
has  on  base  pressure  and  subsequent  ballistic  performance. 

Investigation  of  the  effect  of  different  ratios  of  "booster"  charge  to 
traveling  charge  on  ballistic  performance. 

Investigation  of  the  effect  of  using  the  kinetic  options  in  XKTC  to  model 
the  traveling  charge  propellant.  The  kinetic  options  allow  for  a  delayed 
chemical  reaction  of  the  traveling  charge  propellant. 

Investigation  of  the  origin  of  the  resistance  profile  used  in  modeling 
the  experimental  firings.  This  investigation  will  be  performed  in  an 
experimental  program. 
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Tables  A-l  and  A- 2  glva  tha  maxima  pressures,  at  tha  indieatad  gagas, 
and  aural*  valocitlaa  for  tha  two  diffarant  burn  rata  laws  us  ad  in  tha 
ignition  tina  study. 


TABLE  A-l. 

Ignition  Time 

Study 

-  Constant  Bum  Rata 

Ignition 

G1 

G2 

G3 

G5 

G7 

Velocity 

Tiae(aa) 

MPa 

MPa 

MPa 

MPa 

MPa 

a/s 

0 

N/A 

M/A 

M/A 

M/A 

M/A 

N/A 

.475 

497 

494 

469 

81 

30 

1998 

.95 

436 

426 

365 

67 

28 

1926 

1.15 

373 

364 

399 

55 

28 

1895 

1.35 

349 

346 

288 

52 

22 

1946 

1.55 

349 

346 

288 

49 

22 

1980 

1.75 

349 

346 

288 

124 

21 

2017 

* 

496 

492 

394 

71 

33 

1897 

Hota:  Rasults  for  an  ignition  daisy  of  0  as  was  not 
obtainad  due  to  diffieultias  with  XKTC 

*  42  g  All  "Booster"  Casa 

TABLE  A’ 2.  Ignition  Tina  Study  -  Pressure  Dependant  Bum  Rata 


Ignition 
Tine (ms) 

G1 

MPa 

G2 

MPa 

G3 

MPa 

G5 

MPa 

G7 

MPa 

Velocity 

■/• 

0 

498 

498 

427 

78 

29 

2011 

.475 

530 

541 

457 

76 

28 

2035 

.95 

573 

546 

570 

84 

31 

1989 

1.15 

535 

437 

626 

73 

38 

1903 

1.35 

349 

346 

288 

50 

20 

1917 

1.55 

349 

346 

288 

47 

21 

1979 

1.75 

349 

346 

288 

86 

20 

2018 

* 

496 

492 

394 

71 

33 

1897 
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